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N=Z nuclei, unique systems to study np correlations  
             As you move out of N=Z nn and pp pairs are favored 
 
Role of isoscalar (T=0) and isovector (T=1) pairing 

 Large spatial overlap of n and p 
 Pairing vibrations (normal system ) 
 Pairing rotations  (superfluid system) 
 Does isoscalar pairing give rise to collective modes?             
  

 



BE differences can be described by an appropriate combination of the symmetry 
energy and the isovector pairing energy.  Evidence for full isovector pairing 
(nn,np,pp) - charge independence. 
 
Isovector Pairing-Vibrations  around 40Ca and 56Ni 
 
Odd-odd low lying states:  quasi-deuteron structure.   

   Lisetskiy, Jolos, Pietralla, von Brentano 
 
 
Rotational properties (“delayed alignments”) consistent with  T=1 cranking model. 

   Fischer, Lister  -  Afanasjev, Frauendorf 
 
 
Beta Decay: Strong N=Z-2  N=Z  - 0+  1+ transition. 

   Gadea, Algora, et al.  
 
Spin-aligned neutron-proton coupling scheme in 92Pd 

   Bo Cederwall et al. ,  Nature ,    Piet Van Isacker  

Possible Signals 
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(p, 3He), (3He,p)   ΔT=0,1 
(d,α), (α,d)         ΔT=0 
(α, 6Li), (6Li,α)        ΔT=0 

Could this be the smoking gun? 
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(3He,p) -  L=0 transfer 

np 

Even-even 

σ ?	


T=0 J=0 

Odd-odd 

T=1 J=0 

 T=0 J=1 

Measure the np transfer cross section to T=1 and T=0 states 
 
Both absolute σ(T=0) and σ(T=1) and relative σ(T=0) / σ(T=1) tell us about 
the character and strength of the correlations  

(3He,p) Transfer Reactions 
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Isoscalar	   Isovector	  

Ground	  state	  of	  44Ti	  	  -‐	  	  Single-‐j	  

L.Zamick et al. Phys.Rev C71 034317(2005) 

VJT = x δ T=1,J=0     + (1-x) δ T=0,J=1 
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3He 

Measure   E(Θ),      dσ/dΩ (Θ),    σ	


p 

~106	  /sec	  

Si	  detector	  500µ	  
16x16	  	  ~1sr	   Gas	  cell	  

~100µg/cm2	  

~	  20	  counts/day	  

Recoil	  
detecYon	  
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Evaporation protons 
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A=46   44Ti (3He,p)  46V 



Single-particle estimate  

Phonon Limit 

~ (n+1) σ0->1 

From 40Ca 

Superfluid limit  ~ (2ΔΤ=1/G)2 

Systematic of (3He,p) and (t,p) reactions in stable N=Z nuclei 

Jenny Lee et al.   RCNP program 
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Although simple arguments may suggest that isoscalar pairing should be 
important, it is still not clear if it gives rise to collective modes.   

 

Why?  
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Spin-Orbit Splitting 



L=0 matrix elements 

Vls → 0     l-shell 

Vls → ∞    j-shell 

OXBASH      B.A.Brown et al., MSU Report 524 (1998) 

V = x V T=1,J=0     + (1-x) V T=0,J=1 

Vls 

l-s 
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Single-j  shell model   



Two particles  







T=1 

T=0 

(0,0) (1,0) (2,0) (3,0) 

(0,1) (0,3) (1,1) (2,1) 

( N, Λ ,  n, λ)	


P-Wave 

f7/2   Schiffer-True interaction   oscillator parameter = 0.26 fm-1 





Hartree-Fock-Bogoliubov Equations 







Transfer reactions not likely.   
 
Detailed Spectroscopy following  
HI fusion. 
 
Proton-decay tagging. 
 
Low-lying J=1 excitations ? 
 
Deuteron decay?? 



L=0 matrix elements 

Vls → 0     l-shell 

Vls → ∞    j-shell 

OXBASH      B.A.Brown et al., MSU Report 524 (1998) 

V = x V T=1,J=0     + (1-x) V T=0,J=1 

Vls 

l-s 

 

 

l+s 

Single-j  shell model   



…  and more interesting 



Ground state has aligned spins!!! 



This happens as the JJ coupling sets in 

Not the case in nuclei, but  

can it be tested in mixed fermion traps? 



N=2n particles  with pure Isoscalar interaction  g10  in a single j-shell  

Collaboration with Piet Van Isacker 

Boson 
Mapping 





Although	  simple	  arguments	  may	  suggest	  that	   isoscalar	  pairing	  should	  be	  important,	   it	   is	  
sYll	  not	  clear	  if	  it	  gives	  rise	  to	  collecYve	  modes.	  	  	  

	  	  	  	  	  Spin-‐orbit	   	   	   	  	  
	  	  	  	  	  J=1	  pairs	  	  	  P-‐wave	  contribuYon	  to	  matrix-‐elements	  
	  	  	  	  	  Core	  polarizaYon	  	  	  	  	  	  	  	  	  	  	  

	  
George’s deep insight has shed light in our understanding of the n-p pairing. 

	  	  	  	  	  Detailed	  spectroscopy	  near	  the	  proton	  drip	  line	  at	  Z	  ~	  60	  	  	  	  	  	  
	  	  	  	  	  J=1	  pair	  excitaYons.	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

(p,3He)	  and	  (3He,p)	  are	  the	  “classical”	  probes	  we	  can	  use	  to	  firmly	  elucidate	  this	  quesYon,	  
parYcularly	  in	  the	  region	  from	  56Ni	  to	  100Sn	  

	  	  	  RadioacYve	  beams	  require	  inverse	  kinemaYcs:	  
	  	  	  	  Proof	  of	  principle	  with	  stable	  beams	  	  
	  	  	  	  Successful	  first	  experiment	  with	  a	  44Ti	  beam	  

	  
NP	  Knockout	  reacYons	  ?	  

Summary 



George 
On your 70th B-Day  
and your remarkable 

contributions to  physics !! 


